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DEVWUDFW
Wklv sdshu h{soruhv wkh h{whqw wr zklfk wkh Ph{lfdq jryhuqphqw*v lqdelolw| wr uroo ryhu lwv ghew gxulqj Gh0
fhpehu 4<<7 dqg Mdqxdu| 4<<8 fdq eh prghohg dv d vhoi0ixo￿oolqj ghew fulvlv1 Lq wkh prgho wkhuh lv d fuxfldo
lqwhuydo ri ghew iru zklfk wkh jryhuqphqw/ dowkrxjk lw ￿qgv lw rswlpdo wr uhsd| rog ghew li lw fdq vhoo qhz
ghew/ ￿qgv lw rswlpdo wr ghidxow li lw fdqqrw vhoo qhz ghew1 Li jryhuqphqw ghew lv lq wklv lqwhuydo/ zklfk zh
fdoo wkh fulvlv }rqh/ wkhq zh fdq frqvwuxfw htxloleuld lq zklfk d fulvlv fdq rffxu vwrfkdvwlfdoo|/ ghshqglqj
rq wkh uhdol}dwlrq ri d vxqvsrw yduldeoh1 Wkh vl}h ri wklv }rqh ghshqgv rq wkh dyhudjh ohqjwk ri pdwxulw| ri
jryhuqphqw ghew1 Rxu dqdo|vlv vxjjhvwv wkdw iru d frxqwu|/ olnh Ph{lfr/ zlwk d yhu| vkruw pdwxulw| vwuxfwxuh
ri ghew/ wkh fulvlv }rqh lv odujh dqg lqfoxghv ohyhov ri ghew dv orz dv wkdw lq Ph{lfr ehiruh wkh fulvlv1
￿Zh duh judwhixo wr vhplqdu sduwlflsdqwv dw vhyhudo lqvwlwxwlrqv/ hvshfldoo| wr Fduorv Yhjk dqg Hgzdug Juhhq
dqg wr wzr dqrq|prxv uhihuhhv1 Wkh uhvhdufk ri wkh vhfrqg dxwkru kdv ehhq vxssruwhg e| d judqw iurp wkh
Dlu Irufh R!fh ri Vflhqwl￿f Uhvhdufk/ Dlu Irufh Pdwhuldo Frppdqg/ XVDI/ xqghu judqw qxpehu I7<9530
<704037941 Wkh X1V1 jryhuqphqw lv dxwkrul}hg wr uhsurgxfh dqg glvwulexwh uhsulqwv iru jryhuqphqw sxusrvhv
qrw zlwkvwdqglqj dq| frs|uljkw qrwdwlrq wkhuhrq1 Wkh ylhzv h{suhvvhg khuhlq duh wkrvh ri wkh dxwkruv dqg
qrw qhfhvvdulo| ri wkh Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv/ wkh Ihghudo Uhvhuyh V|vwhp/ wkh Dlu Irufh R!fh
ri Vflhqwl￿f Uhvhdufk/ ru wkh X1V1 jryhuqphqw141 Lqwurgxfwlrq
Lq lwv zhhno| dxfwlrqv ri erqgv gxulqj Ghfhpehu 4<<7 dqg Mdqxdu| 4<<8/ wkh Edqfr
gh Pì{lfr irxqg lw gl!fxow wr uroo ryhu Ph{lfr*v jryhuqphqw ghew1 Wklv sdshu h{soruhv wkh
h{whqw wr zklfk wklv skhqrphqrq fdq eh h{sodlqhg xvlqj wkh prgho ri vhoi0ixooolqj ghew fulvhv
ghyhorshg e| Froh dqg Nhkrh +4<<9d,= Lqyhvwruv ihduhg wkdw Ph{lfr zrxog eh xqdeoh wr krqru
lwv frpplwphqwv rq erqgv frplqj gxh1 Wklv pdgh lqyhvwruv xqzloolqj wr sxufkdvh qhz erqgv1
Xqdeoh wr vhoo qhz erqgv/ Ph{lfr zdv irufhg lqwr d srvlwlrq zkhuh ghidxow vhhphg lqhylwdeoh/
dqg wkh h{shfwdwlrqv ri lqyhvwruv wkdw Ph{lfr zrxog eh xqdeoh wr krqru lwv frpplwphqwv
zhuh mxvwlhg1
Rqh ri wkh vxusulvlqj dvshfwv ri wkh Ph{lfdq ghew fulvlv lv wkdw lw rffxuuhg ghvslwh
wkh idfw wkdw wkh Ph{lfdq jryhuqphqw*v vfdo ehkdylru ehiruh wkh fulvlv dsshduhg wr eh/ rq
wkh zkroh/ uhvsrqvleoh/ erwk zlwk uhvshfw wr lwv rzq sdvw ehkdylru dqg zlwk uhvshfw wr wkh
ehkdylru ri pdq| rwkhu frxqwulhv wkdw/ dw ohdvw dv |hw/ kdyh qrw h{shulhqfhg vlplodu fulvhv1 Wklv
revhuydwlrq vxjjhvwv wkdw d fulvlv ri wklv w|sh pd| eh vrphzkdw duelwudu|1 Vxfk dq duelwudu|
dvshfw frxog dulvh li ghew fulvhv zhuh vhoi0ixooolqj/ lq wkdw d eholhi wkdw wkh jryhuqphqw zrxog
qrw eh deoh wr uroo ryhu lwv ghew zrxog pdnh lw rswlpdo iru wkh jryhuqphqw wr ghidxow/ dqg
khqfh qr ohqghu zrxog eh zloolqj wr ohqg wr wkh jryhuqphqw1
D qxpehu ri sdshuv kdyh wkhruhwlfdoo| dqdo|}hg wkh srvvlelolw| ri vxfk d vhoi0ixooolqj
ghew fulvlv> vhh iru h{dpsoh/ Fdoyr +4<;;,> Dohvlqd/ Sudwl/ dqg Wdehoolql +4<<3,> dqg Jldyd}}l
dqg Sdjdqr +4<<3,1 Froh dqg Nhkrh +4<<9d, ghyhors d vlpsoh frqglwlrq iru wkh srvvlelolw| ri
d fulvlv wkdw ghshqgv rq vxfk ixqgdphqwdov dv wkh vl}h ri wkh jryhuqphqw*v ghew/ wkh pdwxulw|
vwuxfwxuh ri wkh ghew +lq sduwlfxodu/ wkh dprxqw frplqj gxh,/ dqg wkh uhdo frvw dvvrfldwhg
zlwk ghidxowlqj rq wkh ghew1 Wkh| vkrz wkdw wkh suredelolw| ri d fulvlv fdq eh idluo| duelwudu|
j l y h qw k d ww k hf r q g l w l r q vi r udf u l v l vd u hv d w l v  h g 1W k l vw | s hr id q d o | w l fd q d o | v l vo h d y h vr s h q
wkh txhvwlrq= Lv d vhoi0ixooolqj ghew fulvlv d sodxvleoh h{sodqdwlrq ri wkh Ph{lfdq ghew fulvlvB
Wklv sdshu suhvhqwv d vlpsoh txdqwlwdwlyh prgho lq zklfk zh dvvhvv wkh delolw| ri
w k hF r o h 0 N h k r h+ 4 < < 9 d ,p r g h ow rh { s o d l qw k hg h e wf u l v l vl qP h { l f r 1Z h q gw k d w /i r uv r p h
lqlwldo ydoxhv ri jryhuqphqw ghew/ wklv vruw ri vhoi0ixooolqj fulvlv fdq rffxu ghshqglqj rq wkh
uhdol}dwlrq ri d vxqvsrw/ d udqgrp yduldeoh qrw frqqhfwhg wr wkh ixqgdphqwdov ri wkh prgho1
Li wkh lqlwldo ohyho ri jryhuqphqw ghew lv lq d fuxfldo lqwhuydo wkdw zh fdoo wkh fulvlv }rqh/d q g
4li wkhuh lv dq xqidyrudeoh uhdol}dwlrq ri wkh vxqvsrw yduldeoh/ wkhuh lv d fulvlv1 Li wkhuh lv d
idyrudeoh uhdol}dwlrq ri wkh vxqvsrw yduldeoh/ krzhyhu/ wkhuh lv qr fulvlv1 Zkhq zh fdoleudwh
rxu prgho wr pdwfk Ph{lfdq gdwd/ zh qg wkdw d fulvlv fdq rffxu iru dq| ydoxh ri wkh ghew
deryh 43 shufhqw ri JGS1 Wkh srvvlelolw| ri d fulvlv zlwk vxfk d orz ohyho ri ghew uhodwlyh
wr JGS dulvhv ehfdxvh ri wkh h{wuhpho| vkruw dyhudjh pdwxulw| ri Ph{lfr*v grphvwlf ghew
eduho| pruh wkdq 533 gd|v lq Ghfhpehu 4<<71 Rxu prgho vxjjhvwv wkdw/ li wkh ghew pdwxulw|
kdg ehhq urxjko| wzlfh dv orqj/ wkhq d fulvlv zrxog qrw kdyh ehhq srvvleoh1
51 Wkh Prgho
Wkh prgho iroorzv forvho| wkdw ri Froh dqg Nhkrh +4<<9d,1 Wkhuh lv d vlqjoh jrrg lq
hdfk shulrg/ | 'f c c 1 Wklv jrrg fdq hlwkhu eh frqvxphg ru eh vdyhg dv fdslwdo1 Surgxfwlrq
xwlol}hv fdslwdo dqg/ lpsolflwo|/ lqhodvwlfdoo| vxssolhg oderu1 Wkhuh duh wkuhh w|shv ri shrsoh lq
wkh prgho= frqvxphuv/ lqwhuqdwlrqdo edqnhuv/ dqg wkh jryhuqphqw1 Zh ghvfuleh hdfk lq wxuq1
Wkhuh lv d frqwlqxxp zlwk phdvxuh rqh ri lghqwlfdo/ lqqlwho| olyhg frqvxphuv1 Wkh






zkhuh S| lv sulydwh frqvxpswlrq dqg }| lv jryhuqphqw frqvxpswlrq1 Zh dvvxph wkdw f 	q	
dqg wkdw  lv frqwlqxrxvo| glhuhqwldeoh/ frqfdyh/ dqg prqrwrqlfdoo| lqfuhdvlqj1 Zh dovr
dvvxph wkdw Ef ' 41 Wkh frqvxphu*v exgjhw frqvwudlqw lv
S| n &|n￿  &|  E  wE@|sE&|  B&|
Khuh @| lv d surgxfwlylw| idfwru wkdw ghshqgv rq zkhwkhu ru qrw wkh jryhuqphqw kdv hyhu
ghidxowhg> Bc f  B  c lv wkh ghsuhfldwlrq idfwru> wc f 	w	 / lv wkh frqvwdqw sursruwlrqdo
wd{ rq grphvwlf lqfrph> dqg s lv d frqwlqxrxvo| glhuhqwldeoh/ frqfdyh/ dqg prqrwrqlfdoo|
lqfuhdvlqj surgxfwlrq ixqfwlrq wkdw vdwlvhv sEf ' fcs￿Ef ' 4/d q gs ￿ E 4 'f 1H d f k
frqvxphu lv hqgrzhg zlwk &f xqlwv ri fdslwdo lq shulrg 31
Froh dqg Nhkrh +4<<9e, h{soruh d prgho lq zklfk frqvxphuv kdyh d pruh jhqhudo/
frqfdyh xwlolw| ri frqvxpswlrq dqg lq zklfk frqvxphuv fdq eruurz iurp/ dqg ohqg wr/ edqnhuv1
Wkh dvvxpswlrq ri ulvn qhxwudolw| ri frqvxphuv juhdwo| vlpsolhv wkh prgholqj ri frqvxphu
5ehkdylru1 Iru h{dpsoh/ lw doorzv xv wr qhjohfw wkh srvvlelolw| ri eruurzlqj dqg ohqglqj zlwkrxw
orvv ri jhqhudolw|1
Wkhuh lv dovr d frqwlqxxp zlwk phdvxuh rqh ri lghqwlfdo/ lqqlwho| olyhg edqnhuv1 Wkhvh






Wkh dvvxpswlrq ri ulvn qhxwudolw| ri edqnhuv fdswxuhv wkh lghd wkdw wkh grphvwlf hfrqrp|
lv vpdoo frpsduhg wr zruog qdqfldo pdunhwv1 Hdfk edqnhu lv hqgrzhg zlwk 7 % xqlwv ri wkh
frqvxpswlrq jrrg lq hdfk shulrg dqg idfhv wkh exgjhw frqvwudlqw
%| n ^|K|n￿  7 % n 5|K|
Khuh ^| lv wkh sulfh sdlg iru rqh0shulrg jryhuqphqw erqgv wkdw sd| K|n￿ lq shulrg | nli
5|n￿ ' /e x ws d |fli 5|n￿ 'f >5 |5i f c jlv wkh jryhuqphqw*v ghidxow ghflvlrq1 Zh fdq fkrrvh
wkh hqgrzphqw 7 % wr eh odujh hqrxjk wkdw zh fdq ljqruh fruqhu vroxwlrqv wr wkh edqnhu*v xwlolw|
pd{lpl}dwlrq sureohp1 Lqlwldoo|/ hdfk edqnhu krogv Kf x q l w vr ij r y h u q p h q wg h e w 1W k h u hl vd
frqvwudlqw K|n￿  c zkhuh  fdq eh fkrvhq odujh hqrxjk vr wkdw lw uxohv rxw Srq}l vfkhphv
exw grhv qrw rwkhuzlvh elqg lq htxloleulxp1
Wkhuh lv d vlqjoh jryhuqphqw1 Lq hyhu| shulrg lw fkrrvhv lwv qhz eruurzlqj ohyho/ |n￿>
zkhwkhu ru qrw wr ghidxow rq lwv rog ghew/ 5|> dqg wkh ohyho ri jryhuqphqw frqvxpswlrq/ }|1L i
wkh jryhuqphqw ghidxowv e| vhwwlqj 5| 'f cwkhq surgxfwlylw| gursv iurp @| 'wr @| ' k	
iurp shulrg | rqzdug1 Lq shulrg 3/ wkh jryhuqphqw ghew lv f ' Kf
W k hj r y h u q p h q wl ve h q h y r o h q wl qw k d wl w vr e m h f w l y hl vw rp d { l p l } hw k hz h o i d u hr if r q 0
vxphuv1 Lwv exgjhw frqvwudlqw lv
}| n 5||  wE@|sE&|  B&|n^ | | n￿
Dv zh vkdoo vhh/ zh gr qrw qhhg wr lpsrvh d eruurzlqj frqvwudlqw rq wkh jryhuqphqw wr uxoh
rxw Srq}l vfkhphv ehfdxvh/ li wkh jryhuqphqw wulhv wr vhoo wrr pxfk qhz ghew |n￿c lwv sulfh
^| idoov wr }hur1 Wkdw wkh wd{ udwh lv frqvwdqw fdswxuhv wkh lghd wkdw fkdqjhv lq wd{ srolf|
6r f f x up x f kp r u hv o r z o |w k d qg rg h e wf u l v h v 1
Lq hdfk shulrg wkhuh lv dq h{rjhqrxv vxqvsrw yduldeoh/ l|c zkrvh ydoxh lv uhdol}hg1 Wklv
yduldeoh lv lqghshqghqwo| dqg lghqwlfdoo| glvwulexwhg rq wkh lqwhuydo dfco Zh fdq frqvwuxfw
htxloleuld zkhuh/ li wkh ohyho ri jryhuqphqw ghew | lv deryh vrph fuxfldo ohyho dqg l| lv ehorz
dqrwkhu fuxfldo ohyho/ wkhq lqwhuqdwlrqdo edqnhuv duh qrw zloolqj wr ex| qhz jryhuqphqw ghew
dqg wkh sulfh ri wklv ghew lv ^| 'f Wklv xqzloolqjqhvv wr ex| jryhuqphqw ghew fuhdwhv d vhoi0
ixooolqj ghew fulvlv lq wkh vhqvh wkdw/ vlqfh wkh jryhuqphqw fdqqrw vhoo qhz ghew/ lw fkrrvhv wr
ghidxow1 Li l| lv deryh wkh fuxfldo ohyho/ krzhyhu/ lqwhuqdwlrqdo edqnhuv ohqg wr wkh jryhuqphqw
dqg qr ghidxow rffxuv1 Wkh srvvlelolw| ri d ghew fulvlv ghshqgv rq wkh ohyho ri jryhuqphqw
ghew= li | lv ehorz wkh fuxfldo ohyho/ wkhq edqnhuv nqrz wkdw wkh jryhuqphqw zloo qrw ghidxow/
zkhwkhu ru qrw wkh| ex| wkh qhz ghew> wkh| wkhuhiruh ex| wkh qhz ghew1
Wkh wlplqj ri dfwlrqv zlwklq hdfk shulrg lv lpsruwdqw wr wkh suhvhqwdwlrq ri wkh prgho=
 l| lv uhdol}hg/ dqg wkh djjuhjdwh vwdwh lv r| 'E  |cg |c@ |3￿cl|
 Wkh jryhuqphqw/ wdnlqj wkh sulfh vfkhgxoh ^| ' ^Er|c |n￿ dv jlyhq/ fkrrvhv |n￿
 Wkh lqwhuqdwlrqdo edqnhuv/ wdnlqj ^| dv jlyhq/ fkrrvh zkhwkhu wr sxufkdvh |n￿
 Wkh jryhuqphqw fkrrvhv zkhwkhu ru qrw wr ghidxow/ 5|c dqg krz pxfk wr frqvxph/ }|
 Wkh frqvxphuv/ wdnlqj @| dv jlyhq/ fkrrvh S| dqg &|n￿( lq htxloleulxp &|n￿ ' g|n￿
Wkh hvvhqwldo dvshfw ri wkh wlplqj lv wkdw lw hqdeohv wkh jryhuqphqw wr lvvxh qhz ghew
ehiruh uhwlulqj wkh rog ghew zkloh kdylqj d pdwxulw| ri rqh shulrg rq wkh ghew1 Wkh qhhg
wr uroo ryhu rog ghew lqwr qhz lv zkdw gulyhv wkh fuxfldo uhvxowv ri wkh sdshu1 Zh frxog dovr
rewdlq wklv ihdwxuh e| kdylqj orqjhu pdwxulw| ghew wkdw lv rqo| sduwldoo| uroohg ryhu lq dq|
shulrg dqg vrph vwrfn ri uhvhuyhv zlwk zklfk wkh jryhuqphqw sd|v rog ghew ehfrplqj gxh/
exw lw zrxog frpsolfdwh wkh dqdo|vlv1 Lq wkh qdo vhfwlrq zh glvfxvv wkh uroh ri pdwxulw| lq
rxu uhvxowv1 Yduldqwv ri wkh prgho fdq eh rewdlqhg e| kdylqj frqvxphuv pdnh wkhlu fkrlfhv
dw glhuhqw srlqwv zlwklq wkh shulrg dqg e| ghod|lqj wkh lpsrvlwlrq ri wkh ghidxow shqdow|1
Dowkrxjk wkhvh dowhuqdwlyh wlplqj dvvxpswlrqv zrxog fkdqjh wkh txdqwlwdwlyh uhvxowv ri wkh
prgho/ wkh| zrxog qrw fkdqjh lwv txdolwdwlyh ihdwxuhv1
761 Htxloleulxp
Df u x f l d oi h d w x u hr iw k hp r g h os u h v h q w h gl qw k hs u h y l r x vv h f w l r ql vw k d ww k hj r y h u q p h q w
fdqqrw frpplw lwvhoi hlwkhu wr krqru lwv ghew reoljdwlrqv ru wr iroorz d {hg eruurzlqj dqg
vshqglqj sdwk1 Zh qrz ghqh dq htxloleulxp zkhuh djhqwv fkrrvh wkhlu dfwlrqv vhtxhqwldoo|1
Lq ghqlqj vxfk d uhfxuvlyh htxloleulxp/ zh zrun edfnzdug jlyhq wkh wlplqj ri dfwlrqv
lq hdfk shulrg1 Zh vwduw zlwk frqvxphuv ehfdxvh wkh| pryh odvw1 Zkhq dq lqglylgxdo
frqvxphu dfwv kh nqrzv wkh iroorzlqj= klv lqglylgxdo fdslwdo kroglqjv/ &> wkh djjuhjdwh vwdwh/
r 'E cgc@3￿cl> wkh jryhuqphqw*v rhulqj ri qhz ghew/ ￿> wkh sulfh wkdw edqnhuv duh
zloolqj wr sd| iru wklv ghew/ ^> dqg wkh jryhuqphqw*v vshqglqj dqg ghidxow ghflvlrqv/ } dqg
5 Vlqfh wkh frqvxphu*v fkrlfhv rqo| ghshqg rq wkh sulfh ^ wkurxjk lwv hhfw rq } dqg 5c zh
ghqh wkh vwdwh ri wkh lqglylgxdo frqvxphu wr eh E&crc￿c}c5Wkh uhsuhvhqwdwlyh frqvxphu*v
ydoxh ixqfwlrq lv ghqhg e| wkh ixqfwlrqdo htxdwlrq
TSE&crc
￿c}c5'4 @  
































Khuh ￿Erc} E rc￿c^c dqg 5Erc￿c^ duh wkh jryhuqphqw*v srolf| ixqfwlrqv/ ^Erc￿ lv wkh
sulfh ixqfwlrq/ dqg g￿Erc￿c}c5lv wkh ixqfwlrq wkdw ghvfulehv wkh hyroxwlrq ri wkh djjuhjdwh
fdslwdo vwrfn/ doo |hw wr eh ghqhg1 Wkh frqvxphuv* srolf| ixqfwlrqv duh SE&crc￿c}c5 dqg
&￿E&crc￿c}c5Ehfdxvh frqvxphuv duh frpshwlwlyh/ zh qhhg wr glvwlqjxlvk ehwzhhq wkh lqgl0
ylgxdo ghflvlrq &￿ dqg wkh djjuhjdwh ydoxh g￿ wkdw duh lqfoxghg lq wkh ghvfulswlrq ri wkh qh{w
shulrg*v vwdwh= frqvxphuv vkrxog qrw wklqn wkdw wkhlu lqglylgxdo dfwlrqv dhfw wkh djjuhjdwh
vwdwh lq wkh qh{w shulrg/ r￿c wkhuhe| dhfwlqj sulfhv ru wkh dfwlrqv ri wkh jryhuqphqw1 Lq
htxloleulxp/ ehfdxvh doo frqvxphuv duh lghqwlfdo/ g￿ ' &￿ Dv zh kdyh h{sodlqhg/ wkh surgxf0
8wlrq sdudphwhu @ vdwlvhv @Erc5'li @3￿ 'dqg 5 ' cwkdw lv/ li wkh jryhuqphqw kdv qrw
ghidxowhg lq wkh sdvw dqg kdv qrw ghidxowhg wklv shulrg> rwkhuzlvh/ @Erc5'k
Zkhq dq lqglylgxdo edqnhu dfwv kh nqrzv klv lqglylgxdo kroglqjv ri jryhuqphqw ghew/
K/ wkh djjuhjdwh vwdwh/ r/ dqg wkh jryhuqphqw*v rhulqj ri qhz ghew/ ￿1 Zh wkhuhiruh ghqh
wkh vwdwh ri dq lqglylgxdo edqnhu wr eh EKcrc￿ Wkh uhsuhvhqwdwlyh edqnhu*v ydoxh ixqfwlrq
lv ghqhg e| wkh ixqfwlrqdo htxdwlrq
TKEKcrc
￿'4 @  






























Ehfdxvh edqnhuv duh ulvn qhxwudo dqg frpshwlwlyh/ wkh| duh uhodwlyho| sdvvlyh= li 7 % lv vx!flhqwo|
odujh/ wkh| sxufkdvh wkh dprxqw ri erqgv rhuhg e| wkh jryhuqphqw dv orqj dv wkh sulfh ri
wkhvh erqgv vdwlvhv ^Erc￿'q.5Er￿c￿Er ￿c^Er ￿c￿Er ￿c lq rwkhu zrugv/ dv orqj dv wkh
h{shfwhg jurvv uhwxuq rq wkhvh erqgv lv *q
Wkh jryhuqphqw lv wkh rqo| vwudwhjlf djhqw lq wkh prgho1 Diwhu lw kdv revhuyhg wkh
dfwlrqv ri wkh edqnhuv/ zklfk duh vxppdul}hg lq wkh sulfh ^/ lw fkrrvhv zkhwkhu ru qrw wr
ghidxow/ 5c z k l f kl qw x u qg h w h u p l q h vw k ho h y h or ij r y h u q p h q wv s h q g l q j /}c dqg wkh ohyho ri
surgxfwlylw|/ @ Wklv fkrlfh lv jlyhq e| wkh srolf| ixqfwlrqv 5Erc￿c^ dqg }Erc￿c^ Wkh
vwdwh ri wkh jryhuqphqw zkhq lw fkrrvhv ￿ lv vlpso| wkh lqlwldo vwdwh r Lw nqrzv/ krzhyhu/
zkdw wkh sulfh ^Erc￿ dqg lwv rzq rswlpl}lqj fkrlfhv }Erc￿c^Erc￿ dqg 5Erc￿c^Erc￿
zloo eh odwhu1 Wkh jryhuqphqw*v ydoxh ixqfwlrq lv ghqhg e| wkh ixqfwlrqdo htxdwlrq
T}Er'4 @  
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Wklv irupxodwlrq vd|v wkdw wkh jryhuqphqw uhdol}hv wkdw lw fdq hhfw frqvxpswlrq dqg lqyhvw0
phqw S dqg g￿c wkh surgxfwlrq sdudphwhu @c dqg wkh sulfh ri lwv erqgv ^
Kdylqj ghyhorshg wkhvh frqfhswv/ zh fdq qrz ghqh d uhfxuvlyh htxloleulxp iru rxu
prgho hfrqrp|1
Ghqlwlrq ri dq htxloleulxp1 Dq htxloleulxp lv d olvw ri ydoxh ixqfwlrqv/ TS iru wkh
uhsuhvhqwdwlyh frqvxphu/ TK iru wkh uhsuhvhqwdwlyh edqnhu/ dqg T} iru wkh jryhuqphqw> ri
srolf| ixqfwlrqv/ S dqg &￿ iru wkh frqvxphu dqg ￿c}c dqg 5 iru wkh jryhuqphqw> ri d sulfh
ixqfwlrq/ ^( dqg ri dq htxdwlrq ri prwlrq iru wkh djjuhjdwh fdslwdo vwrfn/ g￿c vxfk wkdw
 Jlyhq ￿c} cdqg 5cTS lv wkh ydoxh ixqfwlrq iru wkh vroxwlrq wr wkh uhsuhvhqwdwlyh frq0
vxphu*v sureohp/ dqg S dqg &￿ duh wkh pd{lpl}lqj fkrlfhv1
 Jlyhq ￿c^ cdqg 5cTK lv wkh ydoxh ixqfwlrq iru wkh vroxwlrq wr wkh uhsuhvhqwdwlyh edqnhu*v
sureohp/ dqg wkh ydoxh ri ￿ fkrvhq e| wkh jryhuqphqw vroyhv wkh sureohp zkhq K ' 
 Jlyhq ^c Sc g￿c} cdqg 5c T} lv wkh ydoxh ixqfwlrq iru wkh vroxwlrq wr wkh jryhuqphqw*v
:sureohp/ dqg ￿ lv wkh pd{lpl}lqj fkrlfh1 Ixuwkhupruh/ jlyhq Sc g￿cT }cdqg ￿c}dqg
5 pd{lpl}h frqvxphu zhoiduh vxemhfw wr wkh jryhuqphqw*v exgjhw frqvwudlqw1













 g￿Erc￿c}c5'& ￿E gcrc￿c}c5
Zkloh idluo| whfkqlfdo lq qdwxuh/ wklv ghqlwlrq ri htxloleulxp pdnhv fohdu wkh qdwxuh ri
wkh vwudwhjlf lqwhudfwlrq ehwzhhq wkh jryhuqphqw rq rqh vlgh dqg frqvxphuv dqg edqnhuv rq
wkh rwkhu= Dowkrxjk frqvxphuv dqg edqnhuv ehkdyh frpshwlwlyho|/ wkh| xqghuvwdqg wkdw wkh
jryhuqphqw uhvroyhv lwv pd{lpl}dwlrq sureohp hyhu| shulrg1 Lq sduwlfxodu/ wkh| xqghuvwdqg
wkdw lq vrph flufxpvwdqfhv wkh jryhuqphqw zloo fkrrvh wr ghidxow1 Dowkrxjk wkh jryhuqphqw
lv ehqhyrohqw/ lw xqghuvwdqgv wkdw lwv dfwlrqv dhfw wkh dfwlrqv ri frqvxphuv dqg/ wkurxjk
wkh sulfh ri erqgv/ wkrvh ri edqnhuv1
Rxu ghqlwlrq ri dq htxloleulxp lv vlplodu wr Fkdul dqg Nhkrh*v +4<<3/ 4<<6, ghqlwlrq
ri d vxvwdlqdeoh htxloleulxp dqg Vwrnh|*v +4<<4, ghqlwlrq ri d fuhgleoh htxloleulxp1 Lw glhuv
lq wzr uhvshfwv/ krzhyhu= Iluvw/ vlqfh zh kdyh uhvwulfwhg rxuvhoyhv wr Pdunry htxloleuld/
wkh djhqwv* ixwxuh frqglwlrqdo sodqv fdq eh ghulyhg iurp wkhlu srolf| ixqfwlrqv1 Vhfrqg/
vlqfh zh kdyh doorzhg wkh sulydwh djhqwv wr frqglwlrq wkhlu dfwlrqv zlwklq wkh shulrg rq wkh
jryhuqphqw*v qhz eruurzlqj ohyho/ zh gr qrw kdyh wr dvvxph wkdw wkh jryhuqphqw vhwv wkh
sulfhv dqg wkdw wkh sulydwh djhqwv vhw wkh txdqwlwlhv1
Wkh frpsolfdwlrq lq wkh ghqlwlrq ri htxloleulxp ri wkh prgho frphv iurp wkh htxl0
oleulxp frqglwlrq iru wkh sulfh ixqfwlrq ^Erc￿ Froh dqg Nhkrh +4<<9d, frqvwuxfw htxloleuld
zkhuh/ li ￿ lv lq wkh fulvlv }rqh/ wkhq ^Erc￿'q EZ li l  Z dqg ^Erc￿'fli l	Z Lq
rwkhu zrugv/ edqnhuv duh zloolqj wr sxufkdvh qhz jryhuqphqw ghew iru d sulfh wkdw lqfoxghv
d ulvn suhplxp wkdw ghshqgv rq wkh suredelolw| ri d fulvlv/ zklfk lv Z/ li wkhuh lv d idyrudeoh
uhdol}dwlrq ri wkh vxqvsrw yduldeoh> wkh| duh xqzloolqj wr sxufkdvh qhz jryhuqphqw ghew dw
dq| srvlwlyh sulfh dqg d fulvlv rffxuv li wkhuh lv dq xqidyrudeoh uhdol}dwlrq ri wkh vxqvsrw
yduldeoh1 Li ￿ lv vx!flhqwo| orz/ krzhyhu/ ^Erc￿'qdqg qr fulvlv fdq rffxu qr pdwwhu
;zkdw wkh uhdol}dwlrq ri wkh vxqvsrw yduldeoh1 Wkh fuxfldo ydoxh Z lv duelwudu|= Iru hyhu| Z/
f  Z  c wkhuh lv dq htxloleulxp1 Lq sduwlfxodu/ Z 'f / zkhuh vhoi0ixooolqj fulvhv gr qrw
rffxu/ lv dozd|v d srvvleoh htxloleulxp1
71 Frpsxwdwlrq ri Htxloleuld
Lq wklv vhfwlrq zh h{sodlq krz wr frpsxwh dq htxloleulxp ri wkh prgho ghvfulehg
lq wkh suhylrxv wzr vhfwlrqv1 Wkh htxloleulxp wkdw zh frpsxwh kdv wkh iroorzlqj ihdwxuhv=
Wkh fxuuhqw ohyho ri jryhuqphqw ghew lv wkh fuxfldo ghwhuplqdqw ri wkh ehkdylru ri frqvxphuv/
edqnhuv/ dqg wkh jryhuqphqw1 Li wkh ohyho ri ghew lv orz hqrxjk vr wkdw wkh jryhuqphqw zrxog
sd| lw hyhq li lw zdv xqdeoh wr vhoo qhz ghew/ wkhq qr fulvlv lv srvvleoh1 Frqvxphuv fkrrvh d
frqvwdqw kljk ohyho ri fdslwdo dffxpxodwlrq> edqnhuv gr qrw ghpdqg d ulvn suhplxp rq wkh
uhwxuq wr jryhuqphqw erqgv> dqg wkh jryhuqphqw pdlqwdlqv d frqvwdqw ohyho ri ghew1 Li/ rq
wkh rwkhu h{wuhph/ wkh ohyho ri ghew lv kljk hqrxjk vr wkdw wkh jryhuqphqw zrxog ghidxow
hyhq li lw frxog vhoo qhz ghew/ ru li d ghidxow kdv douhdg| rffxuuhg/ wkhq wkh vlwxdwlrq lv
gluh1 Frqvxphuv fkrrvh d orz ohyho ri fdslwdo dffxpxodwlrq> edqnhuv zloo qrw ex| jryhuqphqw
ghew dw dq| srvlwlyh sulfh> dqg wkh jryhuqphqw qdqfhv doo lwv vshqglqj rxw ri wd{ uhyhqxhv1
Lq ehwzhhq wkhvh wzr h{wuhphv lv wkh fulvlv }rqh1 Khuh vhoi0ixooolqj ghew fulvhv fdq rffxu
zlwk idluo| duelwudu| suredelolw|1 Frqvxphuv fkrrvh d ohyho ri fdslwdo dffxpxodwlrq wkdw lv
orzhu wkh kljkhu wkh suredelolw| ri d fulvlv> edqnhuv ghpdqg d ulvn suhplxp rq wkh uhwxuq wr
jryhuqphqw> dqg wkh jryhuqphqw pd| fkrrvh wr uhgxfh lwv vshqglqj wr uxq grzq lwv ghew dqg
wr hyhqwxdoo| ohdyh wkh fulvlv }rqh1 Iru vrph sdudphwhuv dqg d kljk hqrxjk ohyho ri lqlwldo
jryhuqphqw ghew/ krzhyhu/ wkh jryhuqphqw pd| fkrrvh wr pdlqwdlq d frqvwdqw ghew ohyho +vhh
Froh dqg Nhkrh 4<<9d,1
Zh ehjlq e| fkdudfwhul}lqj frqvxphuv* dqg edqnhuv* ehkdylru iru d {hg suredelolw|
ri ghidxow lq wkh qh{w shulrg1 Wkh fkdudfwhul}dwlrq ri frqvxphu ehkdylru lv juhdwo| idflolwdwhg
e| wkh ulvn qhxwudolw| ri xwlolw| lq sulydwh frqvxpswlrq1 Frqvlghu/ iru h{dpsoh/ d frqvxphu lq
shulrg |/ zkhuh ghidxow kdv qrw rffxuuhg/ zkr dvvljqv d suredelolw| Z wr ghidxow lq shulrg |n1
Il{lqj &|c& ?
| n2c dqg &_
|n2/ wklv frqvxphu fkrrvhv S|c& |cS ?
| n￿c dqg S_
|n￿ wr vroyh wkh yduldwlrqdo
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|n￿c& |n￿  f
Khuh/ iru h{dpsoh/ S?
|n￿ lv wkh frqvxpswlrq lq shulrg | nfrqwlqjhqw rq qr ghidxow dqg &?
|n2
lv wkh fdslwdo dffxpxodwlrq1 Wkh uvw0rughu frqglwlrqv iru wklv sureohp lpso| wkdw fdslwdo
dffxpxodwlrq lv vwdwlrqdu| dw wkh ohyho &Z ghwhuplqhg e|
E  wdE  Z n Zks
￿E&
ZBo' *q  
Frqvxpswlrq lv
S
ZE&'E w EsE&  B&&
Z n&
Lq wkh fdvh zkhuh qr ghidxow lv srvvleoh/ zh fdq ghulyh wkh rswlpdo ohyho ri fdslwdo
dffxpxodwlrq &? dqg wkh frqvxpswlrq uxoh S?E& e| vhwwlqj Z 'f 1 Lq wkh fdvh zkhuh ghidxow
kdv douhdg| rffxuuhg/ zh fdq ghulyh wkh rswlpdo ohyho ri fdslwdo dffxpxodwlrq e| vroylqj
E  wEks
￿E&
_  B' *q  
Wkh rswlpdo frqvxpswlrq uxoh lv
S
_E&'E w EksE&  B&&
_ n&
Wkh ehkdylru ri edqnhuv zkr h{shfw ghidxow wr rffxu zlwk suredelolw| Z lv hyhq hdvlhu
43wr ghvfuleh= wkh| sxufkdvh zkdwhyhu dprxqw ri erqgv wkdw wkh jryhuqphqw rhuv dv orqj dv
^ ' qE  Z
Ohw xv vnhwfk rxw wkh vwudwhj| ri suhvhqwdwlrq lq wkh uhvw ri wklv vhfwlrq= Froh dqg
Nhkrh +4<<9d, suryh wkh h{lvwhqfh ri d uhfxuvlyh htxloleulxp lq zklfk frqvxphuv dqg edqnhuv
fdofxodwh wkh suredelolw| ri jryhuqphqw ghidxow edvhg rq wkh fxuuhqw ohyho ri wkh fdslwdo vwrfn
g/ wkh fxuuhqw ghew / wkh uhdol}dwlrq ri wkh vxqvsrw yduldeoh l/ dqg wkh qhz ghew lvvxh ￿1
Jlyhq wkh fkdudfwhul}dwlrq ri frqvxphu dqg edqnhu ehkdylru iru d jlyhq suredelolw| ri ghidxow
suhvhqwhg deryh/ zh fdq ghulyh wkh ehkdylru ri wkh frqvxphuv dqg edqnhuv lpsolhg e| d jxhvv
dv wr wkh suredelolw| ri ghidxow1 Jlyhq wkh ehkdylru ri wkh frqvxphuv dqg edqnhuv/ zh fdq
wkhq vroyh wkh jryhuqphqw*v g|qdplf surjudpplqj sureohp wr ghulyh lwv rswlpdo srolflhv1
Ilqdoo|/ jlyhq wkhvh srolflhv/ zh fdq yhuli| rxu jxhvv dv wr wkh suredelolw| ri jryhuqphqw
ghidxow1
Wkhuh lv d fuxfldo ohyho ri fxuuhqw ghew 7 K￿Eg vxfk wkdw li   7 K￿Eg wkh jryhuqphqw
zloo qrw ghidxow wklv shulrg qr pdwwhu zkdw wkh uhdol}dwlrq ri wkh vxqvsrw yduldeoh1 Frqvh0
txhqwo|/ li ￿  7 K￿E&?/ dqg ghidxow kdv qrw |hw rffxuuhg/ frqvxphuv h{shfw qr ghidxow qh{w
shulrg dqg wklv lpsolhv wkdw g￿ ' &? dqg S ' S?Eg Vlploduo|/ li edqnhuv eholhyh wkdw ghidxow
zloo qrw rffxu wklv shulrg/ wkhq edqnhuv h{shfw qr ghidxow qh{w shulrg dqg wklv lpsolhv wkdw
^ ' q1
Frqvxphuv dqg edqnhuv dovr h{shfw/ krzhyhu/ wkdw wkhuh duh ohyhov ri  dqg ￿ kljk
hqrxjk vr wkdw wkh jryhuqphqw zloo fkrrvh wr ghidxow qr pdwwhu zkdw wkh uhdol}dwlrq ri
wkh vxqvsrw1 Pruh jhqhudoo|/ wkh| h{shfw wkhuh lv vrph frqvwudlqw   7 Egc￿c^ wkdw
pxvw eh vdwlvhg iru wkh jryhuqphqw qrw wr fkrrvh wr ghidxow lq wkh fxuuhqw shulrg1 Ohw
7 ^Egc￿ eh wkh sulfh wkdw edqnhuv zloo sd| iru qhz ghew ￿ lq d shulrg lq zklfk wkhuh zloo
eh qr ghidxow dqg wkh fxuuhqw fdslwdo vwrfn lv g1 Iru wkh edqnhuv wr eholhyh wkdw wkhuh
zloo eh qr ghidxow lq wkh fxuuhqw shulrg/ lw pxvw eh wkdw   7 Egcc 7 ^Egc￿ Li/ lq
dgglwlrq/ ￿  7 K￿E&?c wkhq 7 ^Egc￿'q 1L i / k r z h y h u /  ￿: 7 K ￿ E & ?  / exw wkhuh h{lvwv vrph
￿￿ vxfk wkdw ￿  7 E&Zc￿￿c 7 ^E&Zc￿￿/w k h q7 ^ E gc￿'q E  Z1 Iru wkh prphqw ohw
xv frqfhqwudwh rq wkh vwdwlrqdu| xsshu ghew olplw/ wkdw lv/ wkh pd{lpxp ydoxh ri  iru
44zklfk   7 Egcc 7 ^Egcc zklfk zh ghqrwh 7 K2Eg Li 7 K￿Eg 	7 K 2 E g  /w k h qdv h o i 0
ixooolqj fulvlv rffxuv li wkh uhdol}dwlrq ri wkh vxqvsrw yduldeoh vdwlvhv l	Z Frqvhtxhqwo|/
li 7 K￿E&? 	 ￿7 K 2E & Z / wkhq frqvxphuv dqg edqnhuv h{shfw d fulvlv wr rffxu zlwk suredelolw|
Zc d q gw k l vl p s o l h vw k d w^'q E  Z/ g￿ ' &Z/d q gS'S ZE g  1
Hyhq li  lv deryh wkh vwdwlrqdu| xsshu olplw/ Froh dqg Nhkrh +4<<9d, vkrz wkdw gh0
idxow fdq vrphwlphv eh dyrlghg e| fkrrvlqj d ￿ orz hqrxjk vr wkdw   7 Egc￿c 7 ^Egc￿
Iru  wrr kljk/ krzhyhu/ wkh jryhuqphqw fdqqrw vdwlvi| wkh frqvwudlqw   7 Egc￿c 7 ^Egc￿
zlwk dq| ydoxh ri ￿> lw wkhuhiruh ghidxowv lpphgldwho|1 Frqvxphuv dqg edqnhuv h{shfw wkdw/
li wkh jryhuqphqw grhv qrw ghidxow lq shulrg 3/ wkhq lw zloo dozd|v fkrrvhv ￿ wr vdwlvi| wkh
sduwlflsdwlrq frqvwudlqw   7 Egc￿c 7 ^E￿( rwkhuzlvh edqnhuv zrxog vhw ^ 'f 
Zh fdq qrz vhw xs d vlqjoh g|qdplf surjudpplqj sureohp iru wkh jryhuqphqw1 Wkh
ydoxh ixqfwlrq iru wklv sureohp lv ghqhg e| wkh ixqfwlrqdo htxdwlrq

















Dv zh kdyh h{sodlqhg/ SEcgc@3￿clc￿c5/ iru h{dpsoh/ fdq wdnh rq wkh ydoxhv S?E&/ SZE&c
ru S_E& ghshqglqj rq c gc @3￿cl c ￿cdqg 51 Vroylqj wklv sureohp qxphulfdoo| lv uhodwlyho|
hdv|=  lv wkh fuxfldo vwdwh yduldeoh> h{fhsw iru &f/ g fdq rqo| wdnh rq wkh ydoxhv &?/ &Z/
dqg &_> @ fdq rqo| wdnh rq wkh ydoxhv 4 dqg k>d q glfdq eh uhprghohg dv d glvfuhwh udqgrp
yduldeoh wkdw wdnhv wkh ydoxh 4 +qr ghidxow, zlwk suredelolw| Z dqg wkh ydoxh 3 +ghidxow,
zlwk suredelolw| E  Z1 Ixuwkhupruh/ rqfh ghidxow rffxuvvr wkdw @ ' k/ g ' &_/d q g
'f wkh sureohp fdq hdvlo| eh vroyhg dqdo|wlfdoo|1
Lq wkh qh{w vhfwlrq/ zh suhvhqw wkh uhvxowv ri d qxphulfdo vlpxodwlrq ri wkh prgho1 Lq
wklv vhfwlrq lw uhpdlqv rqo| wr fkhfn wkdw rxu jxhvvhv ri wkh suredelolw| ri ghidxow xvhg wr
ghulyh frqvxphu dqg edqnhu ehkdylru duh/ lq idfw/ frqvlvwhqw zlwk wkh jryhuqphqw srolflhv
45wkdw zh kdyh frpsxwhg1
Wkh vroxwlrq wr wkh jryhuqphqw*v g|qdplf surjudpplqj |lhogv d ghidxow srolf| ixqf0
wlrq 5Erc￿c^Frqvxphuv dqg edqnhuv zloo eh fruuhfw lq h{shfwlqj wkdw wkh jryhuqphqw zloo
qrw ghidxow qr pdwwhu zkdw wkh uhdol}dwlrq ri wkh vxqvsrw yduldeoh li wkh jryhuqphqw zrxog
fkrrvh qrw wr ghidxow hyhq li wkhuh lv qr qhz ohqglqj1 Lq rwkhu zrugv/ li 5Ercfcf ' 1F r q 0
vxphuv* dqg edqnhuv* h{shfwdwlrqv duh fruuhfw/ wkhuhiruh/ li 7 K￿Eg lv wkh pd{lpxp ydoxh ri 
vxfk wkdw
5Edcgcclocfcf ' 
+Wkh ydoxh ri l lv luuhohydqw lq wklv fdofxodwlrq1, Frqvhtxhqwo|/ :7 K ￿E g lv wkh qr0ohqglqj
frqwlqxdwlrq frqglwlrq= wkh jryhuqphqw fkrrvhv wr ghidxow li wkhuh lv qr qhz ohqglqj zkhq
wklv frqglwlrq lv vdwlvhg1
Wkh jryhuqphqw fkrrvhv qrw wr ghidxow li 5Erc￿c^Erc￿ ' 1 Frqvxphuv* dqg
edqnhuv* h{shfwdwlrqv wkdw wkh jryhuqphqw zloo qrw ghidxow zkhq wkhuh lv qhz ohqglqj zloo eh




Wkh vwdwlrqdu| xsshu ghew olplw 7 K2Eg lv wkh pd{lpxp ydoxh ri  vxfk wkdw
5Edcgccloc
￿cqE  Z ' 
Frqvhtxhqwo|   7 Egc￿c^E￿ lv wkh sduwlflsdwlrq frqvwudlqw= wkh jryhuqphqw fkrrvhv
qrw wr ghidxow li lw lv deoh wr vhoo qhz ghew1
Ohw 7 2Eg eh wkh pd{lpxp ydoxh ri 7 Egc￿c^E￿ iru doo ydoxhv ri ￿1W k hfulvlv
}rqh/ zkhuh d vhoi0ixooolqj ghew fulvlv fdq rffxu/ lv wkh lqwhuydo 7 K￿Eg 	 7  2E g  1F r o h
dqg Nhkrh +4<<9d, vkrz wkdw vxfk d fulvlv }rqh h{lvwv iru d zlgh udqjh ri sdudphwhuv1 Zh
suhvhqw d qxphulfdo h{dpsoh zlwk d odujh fulvlv }rqh lq wkh qh{w vhfwlrq1
81 D Qxphulfdo H{dpsoh
Wklv vhfwlrq suhvhqwv d qxphulfdo h{dpsoh zkrvh sdudphwhuv kdyh ehhq fkrvhq vr wkdw
wkh lqlwldo shulrg pdwfkhv/ lq d vw|ol}hg zd|/ wkh vlwxdwlrq ri Ph{lfr lq odwh 4<<71 Lq wkh
46qh{w vhfwlrq zh xvh wkh prgho wr khos xv lqwhusuhw hyhqwv lq Ph{lfr lq Ghfhpehu 4<<7 dqg
Mdqxdu| 4<<81 Zh vkrz wkdw wkh fulvlv }rqh iru rxu vw|ol}hg prgho ri Ph{lfr lv idluo| odujh/
dqg zh fkdudfwhul}h rswlpdo jryhuqphqw srolf| zkhq wkh jryhuqphqw qgv lwv ghew srvlwlrq
lq wklv }rqh1
Lq rxu h{dpsoh zh lqwhusuhw d shulrg dv ehlqj wzr0wklugv ri d |hdu1 Wklv shulrg ohqjwk
lv fkrvhq wr pdwfk wkh dyhudjh pdwxulw| ri wkh Ph{lfdq jryhuqphqw*v vkruw0whup +wkdw lv/





|ES| n* L } E } |
Wkh glvfrxqw idfwru ri 31<: fruuhvsrqgv wr d |hduo| glvfrxqw idfwru ri fbDD E' fb.￿*2/
zklfk lpsolhv d |hduo| |lhog ri 3137: E' fbDD3￿   rq ulvn0iuhh erqgvwr eh wkrxjkw
ri dv X1V1 wuhdvxu| eloov1 Li zh vhw wkh suredelolw| ri ghidxow wr eh Z 'f  f2/w k h qw k h
|hduo| |lhog rq Ph{lfdq jryhuqphqw erqgvwr eh wkrxjkw ri dv whvrerqrvzrxog eh 313:<
E' dEfb.EfbHo3￿*2  1 Frqvhtxhqwo|/ wkhuh zrxog eh d 6 shufhqw ulvn suhplxp rq wkh
Ph{lfdq jryhuqphqw erqgv1 Wkhvh qxpehuv urxjko| pdwfk wkh dyhudjh |lhogv rq <30gd| X1V1
W0eloov dqg <40gd| whvrerqrv gxulqj 4<<7 +vhh/ iru h{dpsoh/ Nhkrh 4<<8,1
W k hf k r l f hr iw k hi x q f w l r q d oi r u p E } '* L } E } lv vrphzkdw duelwudu|1 Lq frpsdulvrq
zlwk d ixqfwlrq wkdw glvsod|v pruh fxuydwxuh/ vxfk dv E}' } 3 ￿/ wklv ixqfwlrq doorzv wkh
jryhuqphqw d idlu dprxqw ri vxevwlwxwdelolw| lq jryhuqphqw frqvxpswlrq ryhu wlph1 Wklv/
lq wxuq/ doorzv wkh jryhuqphqw  h{lelolw| lq uhgxflqj lwv h{shqglwxuh wr eh deoh wr sd| r
rog ghew lq wkh hyhqw ri qr ohqglqj1 Frqvhtxhqwo|/ vhwwlqj E} htxdo wr *L}E} udwkhu wkdq
wr }3￿ lqfuhdvhv wkh xsshu ohyho ri wkh ghew iru zklfk   7 K￿E&? dqg iru zklfk qr fulvlv
fdq rffxu1 Vlqfh wkh pdlq srlqw ri wklv vhfwlrq lv wr vkrz wkdw fulvhv fdq rffxu iru idluo| orz
ohyhov ri ghew/ rxu fkrlfh ri E} eldvhv/ li dq|wklqj/ wkh uhvxowv djdlqvw xv1
Wkh whfkqrorj| lv jlyhq e| wkh ihdvlelolw| frqvwudlqw
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W k hf k r l f hr iB'f  fD fruuhvsrqgv wr d |hduo| ghsuhfldwlrq udwh ri ff.eE' fbD￿*2 Wkh
47fdslwdo vkduh 317 lv orzhu wkdq wkdw lq Ph{lfr*v qdwlrqdo lqfrph dqg surgxfw dffrxqwv/ exw wkh
sxeolvkhg qxpehuv lqfoxgh lqfrph ri vhoi0hpsor|hg zrunhuv lq fdslwdo lqfrph1 Wkh frqvwdqw
lq wkh surgxfwlrq ixqfwlrq lv d vfdolqj idfwru zklfk rqo| lq xhqfhv wkh uhvxowv ehfdxvh wkh
xwlolw| ixqfwlrq S n* L } E }lv qrw krprwkhwlf1
Li frqvxphuv h{shfw ghidxow wr rffxu qh{w shulrg zlwk suredelolw| Z 'f  f2/w k h |v h w
& ￿'& Z zkhuh &Z vroyhv
E  wdEfbH n ff2kfHE&
Z
3f￿S  ffDo ' *fb.  
Vhwwlqj w 'f  2dqg k 'f  bDzklfk lpsolhv wkdw Ph{lfr zrxog lqfxu d shupdqhqw
gurs lq surgxfwlylw| ri 8 shufhqw li lw zhuh wr ghidxowzh rewdlq d fdslwdo vwrfn ri &Z '
bfe dqg d |hduo| JGS ri E*22E&Zf￿e ' 2  bb/ iru d fdslwdo2rxwsxw udwlr ri 61331 Wkh
lqyhvwphqw2JGS udwlr lv ffD&Z*E2E&Zf￿e'f  2 +Edqfr gh Pì{lfr 4<<8/ s1 539/ uhsruwv d
udwlr ri 3155 lq Ph{lfr lq 4<<7,1 Jryhuqphqw uhyhqxhv dv d iudfwlrq ri JGS duh f2E2E&Zf￿e
fD&Z*E2E&Zf￿e'f  D +Edqfr gh Pì{lfr 4<<8/ s1 56:/ uhsruwv d jxuh ri 314:,1
D fuxfldo sdudphwhu lq rxu vlpxodwlrq lv wkh lqlwldo ydoxh ri jryhuqphqw/ f1F k r r v l q j
wklv sdudphwhu lv frpsolfdwhg e| wkh glhuhqw w|shv ri ghew reoljdwlrqv wkdw Ph{lfr kdg
rxwvwdqglqj lq 4<<7 dqg e| wkh ghydoxdwlrq dw wkh hqg ri 4<<7 wkdw vkduso| orzhuhg wkh ydoxh
ri JGS frpsduhg wr wkrvh reoljdwlrqv wkdw zhuh lqgh{hg wr/ ru ghqrplqdwhg lq/ X1V1 grooduv1
Iru wkh vdnh ri glvfxvvlrq lq wklv vhfwlrq/ zh fkrrvh f '2iru d ghew2JGS udwlr ri 3148/
zklfk lv rq wkh orz vlgh1 Zh uhwxuq wr wklv lvvxh lq wkh qh{w vhfwlrq1
Lq wkh prgho/ 7 K￿E&Z'  2 dqg 7 2E&Z'H  eb/ zklfk dv iudfwlrqv ri JGS duh 3143
dqg 3198 uhvshfwlyho|1 Frqvhtxhqwo|/ li &f ' &Z/ wkh fulvlv }rqh lv odujh= d vhoi0ixooolqj ghew
fulvlv fdq rffxu lq wkh uvw shulrg iru dq| ohyho ri lqlwldo ghew wkdw vdwlvhv 2 	 f
H  eb1 Iljxuh 4 judskv wkh rswlpdo jryhuqphqw ghew srolf| ixqfwlrq ￿Egcccl iru wkh
jryhuqphqw dvvxplqj wkdw qr fulvlv +dqg khqfh qr ghidxow, rffxuv wklv shulrg/ wkdw g ' &?
li   7 K￿E&?'  e/d q gw k d wg'& Zli 7 K￿E&? 	 7  2 E & Z 'H  eb1 Qrwlfh wkdw wklv
ixqfwlrq lv slhfhzlvh olqhdu= iru   7 K￿E&?/ ￿ ' >i r ukljkhu wkdq 7 K￿E&? +ehwzhhq 3143
dqg 314: dv d iudfwlrq ri JGS, lw lv rswlpdo wr uxq wkh ghew grzq wr 7 K￿E&? lq rqh shulrg>
iru  vwloo kljkhu +ehwzhhq 314: dqg 3155 dv d iudfwlrq ri JGS, lw lv rswlpdo wr uxq wkh ghew
48grzq wr 7 K￿E&? lq wzr shulrgv> dqg vr rq1 Iru  deryh ;17< +3198 dv d iudfwlrq ri JGS, wkh
rswlpdo srolf| lv wr ghidxow lpphgldwho|1
Lw lv zruwk pdnlqj vhyhudo frpphqwv derxw wklv rswlpdo srolf|= Iluvw/ li Z	f  f2c wkhq
7 K￿E&? vwd|v wkh vdph/ exw wkh srolf| ixqfwlrq jhwv forvhu wr wkh 78 ghjuhh olqh= lw lv rswlpdo
wr uxq wkh ghew grzq wr 7 K￿E&? pruh vorzo|1 Wkh lqwxlwlrq iru wklv uhvxow lv vlpsoh1 Uhgxflqj
wkh suredelolw| ri d fulvlv gxulqj wkh shulrgv iru zklfk :7 K ￿E & ?uhgxfhv wkh qhw jdlq iurp
udslgo| uhgxflqj wkh jryhuqphqw ghew wr 7 K￿E&? Iru h{dpsoh/ wkh jdlq iurp uhgxflqj wkh
ghew wr 7 K￿E&? lq rqh shulrg dv rssrvhg wr wzr shulrgv lv uhgxfhg vlqfh wkh olnholkrrg ri d
fulvlv gxulqj wkh h{wud shulrg lv vpdoohu/ exw wkh frvw ri uhgxflqj wkh jryhuqphqw ghew pruh
deuxswo| wr uhdfk 7 K￿E&? lq rqh shulrg lv xqfkdqjhg1 Dv Z whqgv wr 3/ wkh srolf| ixqfwlrq
whqgv wrzdugv wkh 78 ghjuhh olqh dqg 7 2E&Z lqfuhdvhv wrzdugv 46165 +4136 dv d iudfwlrq ri
JGS,1
Vhfrqg/ fkrrvlqj d xwlolw| ixqfwlrq vxfk dv E}' } 3 ￿zrxog/ dv zh kdyh h{sodlqhg/
jlyh wkh jryhuqphqw ohvv delolw| wr ydu| }1 Wklv zrxog kdyh wkh hhfw ri vkliwlqj wkh zkroh
fulvlv }rqh lqzdugvorzhulqj 7 K￿E&? dqg 7 2E&Zdqg prylqj wkh srolf| ixqfwlrq forvhu wr
wkh gldjrqdo1
Wklug dqg qdoo|/ dowkrxjk doo ri rxu suhylrxv dqdo|vlv kdv dvvxphg wkdw wkh jryhuq0
phqw kdv wkh vdph glvfrxqw idfwru q dv gr frqvxphuv dqg edqnhuv/ lw lv hdv| wr doorz wkh
jryhuqphqw wr kdyh d glhuhqw glvfrxqw idfwru= Zh ohdyh wkh irup ri wkh srolf| ixqfwlrq iru
wkh frqvxphuv/ S dqg &/ dqg wkdw ri wkh sulfh ixqfwlrq iru erqgv/ ^/w k hv d p hd ve h i r u h /d o 0
wkrxjk wkh fuxfldo ydoxhv ri  fkdqjh1 Zh wkhq vroyh wkh jryhuqphqw*v surjudpplqj sureohp
zlwk d glvfrxqw idfwru  9' q1 Dvvxplqj wkdw srolwlfdo frqvwudlqwv dqg wkh {hg vl{0|hdu whup
ri r!fh lq Ph{lfr whqg wr pdnh wkh jryhuqphqw pruh lpsdwlhqw wkdq frqvxphuv dqg edqnhuv/
zh kdyh h{shulphqwhg zlwk vhyhudo fdvhv ri 	q 1 Iljxuh 5 uhsruwv wkh rswlpdo jryhuqphqw
ghew srolf| ixqfwlrq iru wkh fdvh  'f  b/ zklfk fruuhvsrqgv wr dq dqqxdo glvfrxqw idfwru ri
31<3 E' fb￿*21 Wkh fulvlv }rqh vkulqnv ehfdxvh 7 K￿E&? idoov rqo| yhu| voljkwo|/ exw 7 2E&Z
idoov vljqlfdqwo| +iurp 3198 wr 3166 dv d iudfwlrq ri JGS,1 Iru 	7 K ￿E & ? clw lv rswlpdo iru
w k hj r y h u q p h q ww ru x ql w vg h e wx sw r7 K ￿ E & ?  cehfdxvh lwv glvfrxqw udwh/ *  c lv juhdwhu
wkdq wkh lqwhuhvw udwh rq lwv erqgv/ *q  1I r uvoljkwo| deryh 7 K￿E&? lw lv rswlpdo wr uxq
grzq wkh ghew wr 7 K￿E&? wr dyrlg wkh srvvlelolw| ri ghidxow1 Dw vrph ohyho ri  +314: dv d
49iudfwlrq ri JGS, lw ehfrphv rswlpdo wr uxq ghew xs wr lwv xsshu olplw/ 7 2E&Z1
91 Wkh 4<<7<8 Ph{lfdq Ghew Fulvlv
Wkh prgho ghyhorshg lq wklv sdshu surylghv xv zlwk d iudphzrun lq zklfk zh fdq
lqwhusuhw wkh Ph{lfdq ghew fulvlv ri Ghfhpehu 4<<7 dqg Mdqxdu| 4<<81 Zh dujxh wkdw wkh
hyhqwv ohdglqj xs wr wkh ghew fulvlv zhuh vxfk wkdw ghidxowlqj rq wkh ghew zdv d glvfuhwh
hyhqw dqg zdv olnho| wr uhvxow lq d glvfuhwh frvw wr wkh Ph{lfdq hfrqrp|/ dqg ixuwkhu/ wkdw
wkhvh hyhqwv kdg ohg wr d vlpxowdqhrxv uhgxfwlrq lq wkh dyhudjh pdwxulw| ri wkh Ph{lfdq
jryhuqphqw*v ghew dqg lq lwv delolw| wr uhsd| lq fdvh lw zdv xqdeoh wr uroo ryhu wkhvh ghewv1
Zh dovr dujxh wkdw wkhvh hyhqwv/ dorqj zlwk wkh lqlwldo xqzloolqjqhvv ri wkh lqwhuqdwlrqdo
frppxqlw| wr surylgh oltxlglw|/ pdgh d fulvlv htxloleulxp srvvleoh1 Zkloh wkh pxowlsolflw|
ri htxloleuld ri wkh prgho phdqv wkdw lw lv frpsohwho| vlohqw dv wr zk| vrph frxqwulhv pljkw
h{shulhqfh d fulvlv zkloh rwkhuv gr qrw/ hyhqwv lq Ph{lfr vxjjhvw wkdw wkh rqjrlqj lqwhuqdo
srolwlfdo wxuprlo zlwklq wkh frxqwu| suredeo| sod|hg dq lpsruwdqw uroh1
Lq dq hruw wr nhhs lwv ghew vhuylfh orz/ wkh Ph{lfdq jryhuqphqw vwhdglo| frqyhuwhg
lwv shvr0ghqrplqdwhg ghewfhwhv/ orqjhu0whup erqghv/ dqg lq dwlrq0lqgh{hg/ orqjhu0whup
dmxvwderqrvlqwr vkruw0whup/ groodu0lqgh{hg whvrerqrv1W k h v h whvrerqrv zhuh vrog e| wkh
E d q f rg hP ì { l f rlq zhhno| dxfwlrqv1 Wkh Edqfr uhfhlyhg elgv lq X1V1 grooduv dw <=63 dp
rq Wxhvgd|v1 Dq 44=33 d1p1 { ri wkh shvr0groodu h{fkdqjh udwh ghwhuplqhg wkh shvr ydoxh
r iw k h v he l g v 1 R qW k x u v g d | vs d | p h q wd q gg h o l y h u l h vz h u hp d g h 1 Whvrerqrv zhuh lvvxhg lq
pdwxulwlhv wkdw zhuh pxowlsohv ri : gd|v<4 gd|v/ 4;5 gd|v/ dqg 697 gd|vexw prvw zhuh
<40gd| erqgv1 Wkh zhhno| fdohqgdu iru vhwwohphqwv zdv wkh vdph dv wkdw iru vdohv= wkh shvr
ydoxh ri pdwxulqj ghew zdv ghwhuplqhg e| wkh 44=33 d1p1 Wxhvgd| {/ dqg vhwwohphqwv zhuh
pdgh rq Wkxuvgd|v1
Wklv frqyhuvlrq ri wkh ghew kdg wzr vljqlfdqw hhfwv= Iluvw/ lw lqfuhdvhg wkh Ph{l0
fdq jryhuqphqw*v groodu0lqgh{hg ghew uhodwlyh wr lwv iruhljq uhvhuyhv/ dv ghslfwhg lq Iljxuh 61
Wklv groodu0lqgh{hg ghew frxog qrw eh lq dwhg dzd|1 Lqvwhdg/ wkh rqo| zd| wkdw wkh Ph{0
lfdq jryhuqphqw frxog ghfuhdvh lwv whvrerqr oldelolwlhv zdv hlwkhu wr lpsrvh gxdo h{fkdqjh
udwhv/ sd|lqj r whvrerqrv dw dq h{fkdqjh udwh orzhu wkdq wkh pdunhw udwh/ ru wr vxvshqg
sd|phqwv1 Wkh Ph{lfdq jryhuqphqw kdg uhvruwhg wr erwk wkhvh phdvxuhv gxulqj wkh 4<;5
4:qdqfldo fulvlv1 Hlwkhu ru erwk phdvxuhv zrxog kdyh lpsrvhg vxevwdqwldo frvwv rq erwk wkh
Ph{lfdq jryhuqphqw dqg rq wkh Ph{lfdq sulydwh hfrqrp|/ zklfk zh lqwhusuhw dv ohdglqj wr
d srwhqwldoo| orz ohyho ri @|
Wdeoh 4
Fdohqgdu ri Pdwxulqj Ghew 4<<8
Whvrerqrv dqg Fhwhv
+ploolrqv ri X1V1 grooduv,
Fhwhv Whvrerqrv Fhwhv soxv Whvrerqrv
4vw txduwhu 6/348133 </;:61<7 45/;;;1<7
5qg txduwhu 4/89617: 9/75<159 :/<<51:5
6ug txduwhu 4/375199 ;/7581:3 </79;169
7wk txduwhu <76146 6/<5:1;6 7/;:31<:
Vrxufh= Lqwhuqdwlrqdo Prqhwdu| Ixqg +4<<8d,1
Zkloh lqfuhdvlqj wkh frvw ri ghidxow lv d frpprqo| sursrvhg phdqv ri hqvxulqj fuhg0
lelolw|/ wkh Ph{lfdq jryhuqphqw kdg dovr vxevwdqwldoo| ghfuhdvhg wkh douhdg| vkruw pdwxulw|
ri wkh ghew/ dv ghslfwhg lq Iljxuh 71 D frqvhtxhqfh ri wkh vkruwhqlqj ri wkh pdwxulw| ri wkh
ghew fdq eh vhhq lq Wdeoh 41 Wkh Ph{lfdq jryhuqphqw kdg vxevwdqwldo dprxqwv ri whvrerqrv
frplqj gxh gxulqj wkh uvw txduwhu ri 4<<81 Wklv phdqw wkdw/ ghvslwh wkh srwhqwldoo| kljk
frvwv ri ghidxow rq lwv groodu0lqgh{hg oldelolwlhv/ wkh frvwv ri sd|lqj r wkh pdwxulqj ghew lq
wkh hyhqw wkdw wkh| frxog qrw uroo lw ryhu zhuh srwhqwldoo| kljkhu vwloo1
Dq lpsruwdqw ihdwxuh ri rxu prgho wkdw lv xvhixo iru lqwhusuhwlqj hyhqwv lq Ph{lfr
lq 4<<7 lv wkdw lqfuhdvlqj wkh ghidxow shqdow| e| ghfuhdvlqj k grhv qrw qhfhvvdulo| lqfuhdvh
zhoiduh= dowkrxjk lw sxvkhv erwk wkh sduwlflsdwlrq frqvwudlqw dqg wkh qr0ohqglqj frqwlqxdwlrq
frqglwlrq rxwzdugv/ lw pd| ohdyh d jryhuqphqw zkrvh ghew ohyho lv vwloo lq wkh fulvlv }rqh zruvh
r1
4;Wkh srolwlfdo wxuprlo wkdw wkh frxqwu| kdg ehhq h{shulhqflqj vhhpv wr kdyh zruvhqhg
wkh hfrqrplf vlwxdwlrq1 Iroorzlqj wkh xsulvlqj lq Fkldsdv lq Mdqxdu| 4<<7 dqg wkh dvvdvvlqd0
wlrq ri Oxlv Grqdogr Frorvlr/ wkh suhvlghqwldo fdqglgdwh ri wkh uxolqj Sduwlgr Uhyroxflrqdulr
Lqvwlwxwlrqdo +SUL, lq Pdufk/ Ph{lfdq dqg iruhljq lqyhvwruv ehjdq wr pryh sruwirolr lqyhvw0
phqw rxw ri Ph{lfr1 Wklv kdg douhdg| ohg wr d vxevwdqwldo gurs lq wkh jryhuqphqw*v iruhljq
uhvhuyhv ehfdxvh ri lwv srolf| ri vwhulol}lqj wklv rxw rz1 Lq Qryhpehu/ wkh uhvljqdwlrq ri wkh
dvvlvwdqw dwwruqh| jhqhudo/ Pdulr Uxl} Pdvvlhx/ zkr kdg ehhq fkdujhg zlwk lqyhvwljdwlqj
wkh dvvdvvlqdwlrq ri klv eurwkhu/ Mrvh Iudqflvfr Uxl} Pdvvlhx/ wkh vhfuhwdu| jhqhudo ri wkh
SUL/ dssduhqwo| fdxvhg dqrwkhu gurs lq Ph{lfdq iruhljq uhvhuyhv/ zklfk zhuh qrz douhdg|
gdqjhurxvo| ehorz wkh vkruw0whup groodu0lqgh{hg oldelolwlhv ri wkh Ph{lfdq jryhuqphqw1 +Vhh
Nhkrh 4<<8 iru d uhqglwlrq ri wkhvh hyhqwv1, Dv Wdeoh 5 lqglfdwhv/ lwv whvrerqrv pdwxulqj lq
hduo| 4<<8 idu h{fhhghg wkh uhpdlqlqj iruhljq uhvhuyhv ri 8/;;4 ploolrq X1V1 grooduv ohiw diwhu
wkh 5355 Ghfhpehu ghydoxdwlrq1
Lpphgldwho| sulru wr ghydoxdwlrq/ Ph{lfr*v grphvwlf jryhuqphqw ghew uhsuhvhqwhg
derxw 45 shufhqw ri JGS/ dqg lwv wrwdo jryhuqphqw ghew uhsuhvhqwhg derxw 6: shufhqw ri
JGS1 Ghydoxdwlrq nhsw frqvwdqw wkh groodu ydoxh ri whvrerqrv lq wkh grphvwlf ghew dqg ri
Eudg| erqgv lq wrwdo ghew exw vxevwdqwldoo| orzhuhg wkh groodu ydoxh ri JGS dqg jryhuqphqw
uhyhqxhv1 +Wkh glvwlqfwlrq ehwzhhq grphvwlf ghew dqg h{whuqdo ghew frqfhuqv zkhuh wkh ghew
lv vrog dqg qrw zkr sxufkdvhv lw1,
Dw wklv srlqw/ zh lqwhusuhw wkh Ph{lfdq jryhuqphqw dv ehlqj fohduo| lq wkh uhjlrq
7 K￿Eg 	 7  2E g zkhuh d fulvlv frxog rffxu1 Lq odwh Ghfhpehu dqg hduo| Mdqxdu|/ dplg
uxpruv ri lpshqglqj gxdo h{fkdqjh udwhv dqg vxvshqvlrq ri sd|phqwv/ wkh E d q f rg hP ì { l f r
zdv xqdeoh wr uroo ryhu lwv ghew1 Wkh fulvlv zdv xqghu zd|1 Dv lqglfdwhg lq Wdeoh 5/ wkh
E d q f rg hP ì { l f r /ehjlqqlqj zlwk wkh 53 Ghfhpehu dxfwlrq/ kdg lqfuhdvlqj gl!fxow| vhoolqj
whvrerqrv1 Wklv vlwxdwlrq frqwlqxhg wkurxjk pxfk ri Mdqxdu|1 Wkh Lqwhuqdwlrqdo Prqhwdu|
Ixqg +4<<8d, vxjjhvwv wkdw wkh uhvxowv ri wkh dxfwlrqv lq wkh odwwhu sduw ri Mdqxdu| pljkw
kdyh ehhq pdqlsxodwhg wr pdnh wkhp vhhp pruh srvlwlyh wkdq wkh| dsshdu1 Wkh ghew fulvlv
zdv qdoo| uhvroyhg e| wkh uhvfxh sdfndjh sxw wrjhwkhu e| X1V1 suhvlghqw Eloo Folqwrq dqg
dqqrxqfhg rq 64 Mdqxdu| 4<<81
4<Wdeoh 5
Whvrerqrv Dxfwlrqv
Gdwh \lhog Dprxqw Rhuhg Dprxqw Vrog
+lq shufhqw, +lq ploolrqv ri grooduv, +lq ploolrqv ri grooduv,
9Ghf 4<<7 ;16< 753 753
46Ghf 4<<7 ;156 6:8 6:8
53Ghf 4<<7 ;194 933 749
5:Ghf 4<<7 43156 933 5;
6Mdq 4<<8 45164 833 85
43Mdq 4<<8 4<196 733 96
4:Mdq 4<<8 4<1:8 633 733
57Mdq 4<<8 54173 83 83
64Mdq 4<<8 571<; 483 488
Vrxufh= Lqwhuqdwlrqdo Prqhwdu| Ixqg +4<<8d,1
Lq hydoxdwlqj hyhqwv lq Ph{lfr/ lw lv lpsruwdqw wr uhdol}h wkdw wkh fulvlv zdv qrw fdxvhg
e| d odujh jryhuqphqw ghew2JGS udwlr1 Wdeoh 6 frpsduhv gdwd iurp Ph{lfr zlwk gdwd iurp
vrph rwkhu frxqwulhv wkdw kdyh qrw h{shulhqfhg vxfk d vhyhuh fulvlv1
D zrug ri fdxwlrq= wkh prgho lv qrw lqwhqghg wr h{sodlq wkh ghfolqh lq wkh Edqfr gh
Pì{lfr*v iruhljq uhvhuyhv wkdw rffxuuhg wkurxjkrxw 4<<7 qru wkh ghydoxdwlrq wkdw rffxuuhg rq
5355 Ghfhpehu 4<<71 Lw fdq/ krzhyhu/ khos xv xqghuvwdqg wkh uxq rq Ph{lfdq jryhuqphqw
ghew/ hvshfldoo| groodu0lqgh{hg whvrerqrv/ wkdw rffxuuhg gxulqj Ghfhpehu dqg Mdqxdu|1
Wkh Edqfr gh Pì{lfr qr orqjhu vhoov whvrerqrv1
53Wdeoh 6
Ghew2JGS Shufhqwdjhv iru Vhohfwhg Frxqwulhv
4<<3 4<<4 4<<5 4<<6 4<<7
Ph{lfr 8815 781; 6814 6813 6:17
Ehojlxp 4631: 46519 46717 47416 47314
Iudqfh 7317 7414 7819 851< 891;
Jhupdq| 7617 751: 7:16 841; 8719
Juhhfh ::1: ;41: ;;19 44:14 44<1;
Lwdo| 43318 4361< 44417 45315 45519
Vsdlq 7;1: 7<1< 8613 8<17 9618
Vrxufhv= Lqwhuqdwlrqdo Prqhwdu| Ixqg +4<<8f,1
Rujdqlvdwlrq iru Hfrqrplf Fr0Rshudwlrq dqg Ghyhorsphqw +4<<8,1
:1 Pdwxulw| ri wkh Ghew
W k hr s w l p d oj r y h u q p h q wg h e ws r o l f |i x q f w l r qw k d wz hk d y hf d o f x o d w h gl q g l f d w h vw k d w
d jryhuqphqw wkdw qgv lwvhoi lq wkh fulvlv }rqh vkrxog uhgxfh lwv vshqglqj dqg uxq grzq
lwv ghew1 Lq wklv vhfwlrq zh vxjjhvw dq dowhuqdwlyh= e| ohqjwkhqlqj wkh pdwxulw| vwuxfwxuh ri
wkh ghew/ wkh jryhuqphqw fdq lqfuhdvh 7 K￿E&? dqg/ iru d vx!flhqwo| orqj pdwxulw| vwuxfwxuh/
frpsohwho| holplqdwh wkh srvvlelolw| ri fulvhv1
Wr pdnh rxu glvfxvvlrq ri pdwxulw| vwuxfwxuh vlpsoh/ zh frqvlghu d jryhuqphqw srolf|
wkdw frqyhuwv dq lqlwldo txdqwlw|  ri rqh0shulrg erqgv ehfrplqj gxh lqwr htxdo txdqwlwlhv
￿ ri erqgv ri pdwxulw| c2cc1 Khqfhiruwk/ wkh jryhuqphqw uhghhpv ￿ erqgv hyhu|
shulrg dqg vhoov ￿ 0shulrg erqgv1 Li wkhuh lv qr srvvlelolw| ri d fulvlv/ wkh sulfh ri dq
0 s h u l r ge r q gl vq
￿1 Pdlqwdlqlqj wkh vdph ohyho ri jryhuqphqw ghew vshqglqj ehiruh dqg
54diwhu wklv fkdqjh dqg dvvxplqj wkdw wkhuh zdv qr fulvlv srvvleoh ehiruh wkh fkdqjh/ zh rewdlq
} ' wEsE&
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Wkh sd|r wr wkh jryhuqphqw/ li lw dozd|v uhsd|v lwv ghewv xqghu wkh vwdwlrqdu| srolf| iru
ghew lvvxh/ lv xqdhfwhg e| fkdqjhv lq wkh pdwxulw| ri wkh ghew dqg lv vlpso|
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Wkh sd|r wr wkh jryhuqphqw iurp uhsd|lqj hyhq li lw fdqqrw vhoo dq| qhz ghew lv
lq xhqfhg e| wkh pdwxulw| ri wkh ghew1 Wklv lv ehfdxvh wkh jryhuqphqw kdv wr uhgxfh lwv
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Wklv sd|r lv lqfuhdvlqj lq / wkh pdwxulw| ri wkh ghew/ vlqfh lw doorzv wkh jryhuqphqw wr
vprrwk rxw ryhu wlph wkh wrwdo uhgxfwlrq lq jryhuqphqw vshqglqj qhhghg wr uhsd| wkh ghew1














￿ E&?c wkh pd{lpxp suhvhqw ydoxh ri wkh ghew/ c iru zklfk wkh sd|r iurp
uhsd|lqj lv dw ohdvw dv juhdw dv wkh sd|r iurp ghidxowlqj zkhq qr qhz eruurzlqj lv srvvleoh/
lv lqfuhdvlqj lq 1
Iljxuh 8 suhvhqwv wkh frpsxwhg 7 K￿
￿ E&? iru rxu vlpsoh txdqwlwdwlyh prgho1 Wkh uhvxowv
lqglfdwh wkdw dw dq dyhudjh pdwxulw| ri 49 prqwkv Ph{lfr zrxog kdyh ehhq rxw ri wkh fulvlv
}rqh zlwk d ghew2JGS udwlr ri derxw 3153/ zklfk zdv urxjko| wkh pdjqlwxgh ri wkhlu grphvwlf
ghew diwhu ghydoxdwlrq1 Iljxuh 8 dovr glvsod|v wkh ydoxhv ri wkh vwdwlrqdu| sduwlflsdwlrq
frqvwudlqw/ 7 K￿
2 E&?/ zkrvh fdofxodwlrq lv dqdorjrxv wr wkdw ri 7 K￿
￿ E&?/ dv d ixqfwlrq ri wkh
pdwxulw| vwuxfwxuh ri wkh ghew1 Qrwlfh wkdw lw wrr lv lqfuhdvlqj lq / wkrxjk pxfk ohvv
55vljqlfdqwo|1 Froh dqg Nhkrh +4<<9d, vkrz wkdw dv  $4wkhvh wzr fxuyhv frlqflgh1
Lw lv zruwk pdnlqj wzr qdo srlqwv derxw ohqjwkhqlqj wkh pdwxulw| vwuxfwxuh= Iluvw/
wkh jryhuqphqw fdq gr qrwklqj wr holplqdwh d fulvlv li rqh lv fxuuhqwo| rffxuulqj1 Li wkh qr0
ohqglqj frqwlqxdwlrq frqglwlrq lv vdwlvhg/ wkhq qrwklqj wkh jryhuqphqw fdq gr lq wkh pdunhw
iru qhz ghew zloo suhyhqw lw iurp ehlqj rswlpdo wr ghidxow1 Zkhq d fulvlv lv rffxuulqj lw lv
wrr odwh wr fkdqjh wkh pdwxulw| ri wkh ghew$ Vhfrqg/ lw lv hdv| iru wkh jryhuqphqw wr lqfuhdvh
wkh pdwxulw| ri lwv ghew lq wklv prgho ehfdxvh wkhuh lv qr frvw ri grlqj vr1 Lq d pruh jhqhudo
iudphzrun/ wkhuh pd| eh vljqlfdqw frvwv1 Rqh zhoo0nqrzq h{dpsoh ri vxfk d frvw dulvhv iurp
d zruvhqlqj ri wkh wlph frqvlvwhqf| sureohp dvvrfldwhg zlwk vhwwlqj wkh lq dwlrq wd{1 +Vhh
Fdoyr dqg Jxlgrwwl 4<<3/ 4<<5 iru pruh rq prghov zlwk wklv frvw1,
;1 Frqfoxglqj Frpphqwv
D fulwlfdo uhdghu zloo zdqw wr dvn wzr uhodwhg txhvwlrqv derxw wkh prgho xvhg lq wklv
sdshu= Krz xvhixo lv d prgho zlwk pxowlsoh htxloleuldd prgho wkdw fdq h{sodlq glhuhqw
rxwfrphv iru wkh vdph ixqgdphqwdov lq wkh hqylurqphqwB dqg lq dsso|lqj wkh prgho/ Zk|
glg wklv fulvlv rffxu lq Ph{lfr dqg qrw vrphzkhuh hovhB Lq lqwhusuhwlqj wkh uhvxowv ri rxu
prgho/ wkh uhdghu vkrxog ehdu lq plqg wkdw wkh prgho grhv qrw suhglfw wkdw dq|wklqj fdq
kdsshq> udwkhu/ lw vd|v wkdw/ li wkh ohyho ri wkh ghew lv lq wkh fulvlv }rqh/ d fulvlv fdq kdsshq1 Li
wkh jryhuqphqw wdnhv vwhsv wr pryh lwv ghew ohyho rxw ri wklv }rqh/ krzhyhu/ hlwkhu e| uxqqlqj
lwv ghew grzq ru e| ohqjwkhqlqj lwv pdwxulw|/ wkhq wkhuh lv d xqltxh htxloleulxp lq zklfk qr
fulvlv fdq rffxu1
Dohvlqd/ Sudwl/ dqg Wdehoolql +4<<3, suhvhqw gdwd wkdw vxjjhvw wkh Lwdo| zdv lq wkh
fulvlv }rqh lq 4<;: dqg 4<;;1 Dv Fduorv Yhjk kdv srlqwhg rxw wr wkh dxwkruv/ uhsxwdwlrqdo
frqvlghudwlrqv pd| kdyh sod|hg dq lpsruwdqw uroh lq doorzlqj wkh fulvlv wr rffxu lq Ph{lfr exw
qrw lq Lwdo|1 Rxu vxqvsrw htxloleulxp h{sodqdwlrq/ zkloh glhuhqw iurp dq h{sodqdwlrq wkdw
uholhv rq uhsxwdwlrq/ lv qrw lqfrpsdwleoh= erwk vwuhvv wkdw/ lq fhuwdlq flufxpvwdqfhv/ vrphwklqj
ehvlghv hfrqrplf ixqgdphqwdov pd| sod| d uroh lq ghwhuplqlqj hfrqrplf rxwfrphv1
56Uhihuhqfhv
Dohvlqd/ Doehuwr> Sudwl/ Doohvdqgur> dqg Wdehoolql/ Jxlgr1 4<<31 Sxeolf Frqghqfh dqg
Ghew Pdqdjhphqw= D Prgho dqg d Fdvh Vwxg| ri Lwdo|/ lq Sxeolf Ghew Pdqdjhphqw=
Wkhru| dqg Klvwru|/ hg1 Uxgljhu Gruqexvfk dqg Pdulr Gudjkl1 Fdpeulgjh= Fdpeulgjh
Xqlyhuvlw| Suhvv/ <744;1
Edqfr gh Pì{lfr1 4<<81 Wkh Ph{lfdq Hfrqrp| 4<<8= Hfrqrplf dqg Ilqdqfldo Ghyhors0
phqwv lq 4<<7/ Srolflhv iru 4<<81 Edqfr gh Pì{lfr1
Fdoyr/ Jxloohupr D1 4<;;1 Vhuylflqj wkh Sxeolf Ghew= Wkh Uroh ri H{shfwdwlrqv1 Dphul0
fdq Hfrqrplf Uhylhz :;= 97:9941
Fdoyr/ Jxloohupr D1 dqg Jxlgrwwl/ Sdeor H1 4<<31 Lqgh{dwlrq dqg Pdwxulw| ri Jryhuqphqw
Erqgv= Dq H{sorudwru| Prgho/ lq Sxeolf Ghew Pdqdjhphqw= Wkhru| dqg Klvwru|/
hg1 Uxgljhu Gruqexvfk dqg Pdulr Gudjkl1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv/
<744;1
Fdoyr/ Jxloohupr D1 dqg Jxlgrwwl/ Sdeor H1 4<<51 Rswlpdo Pdwxulw| ri Qrplqdo Jryhuq0
phqw Ghew= Dq Lqqlwh0Krul}rq Prgho1 Lqwhuqdwlrqdo Hfrqrplf Uhylhz 66= ;<8<4<1
Fkdul/ Y1 Y1 dqg Nhkrh/ Sdwulfn M1 4<<31 Vxvwdlqdeoh Sodqv1 Mrxuqdo ri Srolwlfdo Hfrqrp|
<;= :;6;351
Fkdul/ Y1 Y1 dqg Nhkrh/ Sdwulfn M1 4<<61 Vxvwdlqdeoh Sodqv dqg Pxwxdo Ghidxow1 Uhylhz
ri Hfrqrplf Vwxglhv 93= 4:84<81
Froh/ Kdurog O1 dqg Nhkrh/ Wlprwk| M1 4<<9d1 Vhoi0Ixooolqj Ghew Fulvhv1 Xqsxeolvkhg
pdqxvfulsw1
Froh/ Kdurog O1 dqg Nhkrh/ Wlprwk| M1 4<<9e1 Vhoi0Ixooolqj Ghew Fulvhv dqg Fdslwdo
Ioljkw1 Lq surjuhvv1
57Jldyd}}l/ Iudqfhvfr dqg Sdjdqr/ Pdufr1 4<<31 Frqghqfh Fulvhv dqg Sxeolf Ghew Pdq0
djhphqw/ lq Sxeolf Ghew Pdqdjhphqw= Wkhru| dqg Klvwru|/ hg1 Uxgljhu Gruqexvfk
dqg Pdulr Gudjkl1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv/ <744;1
Lqwhuqdwlrqdo Prqhwdu| Ixqg1 4<<8d1 Lqwhuqdwlrqdo Fdslwdo Pdunhwv= Ghyhorsphqwv/ Survshfwv/
dqg Srolf| Lvvxhv1 Zdvklqjwrq/ G1F1= Lqwhuqdwlrqdo Prqhwdu| Ixqg1
Lqwhuqdwlrqdo Prqhwdu| Ixqg1 4<<8e1 Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv \hduerrn1 Zdvk0
lqjwrq/ G1F1= Lqwhuqdwlrqdo Prqhwdu| Ixqg1
Lqwhuqdwlrqdo Prqhwdu| Ixqg1 4<<8f1 Zruog Hfrqrplf Rxworrn/ Pd| 4<<81 Zdvklqjwrq/
G1F1= Lqwhuqdwlrqdo Prqhwdu| Ixqg1
Nhkrh/ Wlprwk| M1 4<<81 Zkdw Kdsshqhg wr Ph{lfr lq 4<<74<<8B lq Prgholqj Qruwk
Dphulfdq Hfrqrplf Lqwhjudwlrq/ hg1 Sdwulfn M1 Nhkrh dqg Wlprwk| M1 Nhkrh1 Ervwrq=
Noxzhu Dfdghplf Sxeolvkhuv/ 46447:1
Rujdqlvdwlrq iru Hfrqrplf Fr0Rshudwlrq dqg Ghyhorsphqw1 4<<81 RHFG Hfrqrplf Rxw0
orrn/ Mxqh 4<<81 Zdvklqjwrq/ G1F1= Rujdql}dwlrq iru Hfrqrplf Fr0Rshudwlrq dqg
Ghyhorsphqw1
Vwrnh|/ Qdqf| O1 4<<41 Fuhgleoh Sxeolf Srolf|1 Mrxuqdo ri Hfrqrplf G|qdplfv dqg
Frqwuro 48= 95:9891
58